caused by Pestalotiopsis psidii (Pat.) Mordue, is one of the most common fruit diseases in guava-growing areas and affects all developmental stages of guava fruit (14) . Scabby canker can drastically reduce fruit yield during the preharvest stage, and can also lead to fruit losses during postharvest storage (14) . In India, P. psidii causes postharvest damage of ripe guava fruits (13) .
The genus Pestalotiopsis Steyaert is a heterogeneous group of coelomycetous fungi consisting of 205 described species that are differentiated primarily on conidial characteristics such as size, septation, pigmentation, and presence or absence of appendages (4, 19, 29) . Pestalotiopsis is characterized by spores having mostly four-euseptate and pigmented median cells with two to four apical appendages arising as tubular extensions from the apical cell and a centric basal appendage (10) . However, Pestalotiopsis is a complex genus and can be difficult to classify to the species level because characters such as growth rate, conidial morphology, and fruiting structure characteristics tend to vary within species (12) .
While there are reports of Pestalotiopsis spp. causing symptoms on a variety of hosts (3, 12, 24, 30, 35) , Pestalotiopsis spp. are primarily thought of as opportunistic pathogens that affect stressed plants (6) . However, Pirone (22) reported that 12 different species of Pestalotiopsis caused leaf spots, needle blight, tip blight, and gray blight on a range of hardy ornamentals, including Camellia (P. guepinii (Desm.) Stey.), Gardenia (P. langloisii Guba) , Yew (Taxus) (P. funerea (Desm.) Stey.), and Rhododendron (P. macrotricha Kleb.). In a study by Hopkins and McQuilken (9) , pathogenicity and host range tests indicated that isolates of P. sydowiana (Bres.) Sutton were not host specific and could affect species of hardy ornamentals other than the original host plant. Isolates were also collected from different locations in the UK, confirming the pathogen's widespread distribution in that country (9) .
Pestalotiopsis microspora (Speg.) Batista & Peres appears to be a ubiquitous organism present on tropical and semitropical plants. It has been isolated as a saprophyte on bark and decaying plant material, and as an endophyte from the stems, leaves, flowers, and fruits of hundreds of tropical and subtropical rainforest plants examined by Metz et al. (17) . Its relationship to plants seems to be either as a weak pathogen invading aged leaves or as an endophytic symbiont functioning with the higher plant (17) . Despite its prevalence, P. microspora and its role in plant ecology are poorly understood (17) .
Since Pestalotiopsis spp. pose a threat to hardy ornamental production by causing plant loss, reduced plant quality, and disruption of production schedules (9) , it is imperative that information be obtained on the identity and biology of the main species that cause plant diseases. Understanding the disease epidemiology and potential for cross-infection are also important so that effective control measures can be developed and implemented (9) . Since many hosts are cultivated in close proximity, there is potential for spread of inoculum.
In Hawaii, guava is found throughout the state at various elevations and environmental conditions, and disease symptoms on leaves and fruits are consistently observed. Thus, guava is an excellent model for studying disease to better understand the interaction of susceptible host and pathogen, and the effects of environment on disease development. The objectives of this study were to: (i) identify the causal agent(s) of commonly observed symptoms of scab disease on guava; (ii) compare Pestalotiopsis isolates by studying pathogenicity and morphological, cultural, and molecular characteristics; (iii) examine the effect of environmental factors (e.g., temperature) on growth of the pathogen; and (iv) establish pathogenicity and alternative hosts of Pestalotiopsis spp.
MATERIALS AND METHODS
Field observations and symptoms. Plants were examined in the fields of the Tropical Plant Genetic Resource Management Unit located at the University of Hawaii, Waiakea Agricultural Experiment Station, Hilo, HI, and in surrounding areas. The primary site is 9.7 km south of Hilo, with an elevation ranging from 175 to 227 m. Maximum and minimum mean temperatures are 28°C and 16°C, respectively. Annual rainfall averages 4,445 mm and is most abundant during October to February. The soil consists of an extremely stony Papai muck with organic soils formed over mostly fragmental a'a lava. Digital photographs of leaf and fruit symptoms were recorded using a Nikon Coolpix 995 model digital camera.
Collection of isolates. Naturally infected fruit (17 samples) and leaves (6 samples) of more than 40 guava cultivars were collected from fields in Hilo and the surrounding areas. Twenty-three isolates of Pestalotiopsis were obtained from the diseased samples, and an additional nine were collected from other hosts, including wild guava, blueberry (Vaccinium corymbosum), waiawi (Psidium cattleianum), and tea (Camellia sinensis). All fungi were grown on potato dextrose agar (PDA) (Difco Laboratories, Detroit, MI) at 24°C under continuous illumination, and singlespore cultures were derived from each isolate and stored at room temperature (20°C) in sterile distilled water (SDW). Cultures were maintained on PDA.
Initial identification and cultural characteristics. The 32 Pestalotiopsis isolates derived from single spores were grown on PDA. Cultures were incubated at 24°C in continuous light, and cultural morphology was examined after 7 days. Colony color was defined according to Raynor (23) . Spore size was determined by measuring the length and width of 30 to 40 arbitrarily selected conidia from a conidial suspension of each isolate that was prepared in SDW. The isolates were identified initially by comparing morphological and cultural characteristics (i.e., size of conidia, color and length of median cells, thickness and length of apical appendages, and length of basal appendage) to those described in Guba's monograph of Monochaetia and Pestalotia (7) .
Temperature effects on mycelial growth. Five replicate, 10-cm-diameter petri dishes containing PDA (25 ml) were inoculated centrally with an agar disk (5 mm diameter) of a representative sample of the isolates of Pestalotiopsis (16 strains) cut from the edge of an actively growing colony on PDA. The isolates were selected based on morphological characters. Representatives exhibiting a broad range of varying morphological characters were included. The effect of temperature on colony diameter was determined after 1, 4, and 7 days at 10, 15, 22, 26, 30, and 35°C. All temperature experiments were conducted twice.
Pathogenicity tests. Pathogenicity tests consisted of inoculations of guava fruit and leaves removed from the tree. Before inoculation, fruit and leaves were surfacedisinfested by immersion in 10% bleach solution (0.5% sodium hypochlorite) for 2 min, rinsed in SDW, and then air-dried in a laminar flow hood. Fruit and leaves were placed in plastic chambers containing moistened paper towels. Fruit (P. guajava cvs. Lucknow or Lucknow 49) were wounded with a sterile cork borer and inoculated with mycelial disks (3 mm diameter) of Pestalotiopsis strains 2B Hong Kong White, Guava 4C, 4-2A Fan Retief, or Guava 1C-1 grown for 5 to 7 days at 28°C. Healthy leaves of P. guajava cvs. Patillo, Kona, or Lucknow 49 were wounded by pressing slightly with a pipette tip, and the disks of mycelium were applied on the wounded and intact leaves. Inoculated samples were incubated at 28°C, and disease incidence and severity were evaluated. Controls were inoculated with PDA disks only. Detached leaves and leaves of 1-year-old, greenhouse-grown guava seedlings (cv. Kona) were also inoculated with a conidial suspension (approximately 10 7 conidia per ml). Detached leaves were incubated at 28°C. Guava seedlings were incubated at 26°C. Controls were inoculated with SDW. To fulfill Koch's postulates, diseased tissue was placed on water agar and PDA and observed for colonies typical of the pathogen. Experiments were repeated at least twice with similar results.
Cross-inoculation studies. Alternative hosts of Pestalotiopsis strain 2B Hong Kong White were determined using 1-yearold, greenhouse-grown leaves of lychee (Litchi chinensis), rambutan (Nephelium lappaceum), Miltonia orchid, and ginger (Zingiber officinale), with methods described previously.
Molecular characterization. Pestalotiopsis isolates were identified using molecular techniques. Total DNA was extracted from mycelium obtained from cultures of 22 guava isolates and 6 alternative host isolates grown on PDA for 5 to 7 days at 24°C. A sterile 0.5-cm 3 cork borer was used to transfer a sample of fungal mycelium into a sterile 1.5-ml microcentrifuge tube. The tube was filled with liquid nitrogen, allowed to evaporate, and then repeated. Five-hundred microliters of lysis buffer (50 mM Tris-HCl, 50 mM EDTA, 3% sodium dodecyl sulfate, 1% 2-mercaptoethanol, and 0.1 mg/ml Proteinase K, pH 8.0) was added, and the tubes were vortexed and placed in a 65°C water bath for 1 h with vortexing after 30 and 60 min. An equal volume of phenol:chloroform:isoamyl alcohol (25:24:1 vol/vol/vol) was added. The tubes were mixed and then centrifuged at 14,000 rpm for 15 min. The supernatant was pipetted to a new sterile 1.5-ml tube, and 500 µl of ice-cold isopropanol, 65 µl of 3 M sodium acetate, and 75 µl of 1 M sodium chloride were added. The capped tubes were inverted several times to adequately mix, incubated at -20°C for 30 min, and then centrifuged at 14,000 rpm for 20 min. The supernatant was discarded, and the nucleic acid pellet was washed in 500 µl of 70% ethanol and centrifuged at 14,000 rpm for 5 min. Again, the supernatant was discarded, and the nucleic acid pellet was airdried and resuspended in 20 µl of TE with RNase A added. The PCR reaction to amplify the ITS1/5.8 S rRNA/ITS2 region was based largely on Caetano-Anolles et al. (5) and White et al. (38) . The PCR primers had the following base sequences: ITS1: TCCGTAGGTGAACCTGCGG, and ITS4: TCCTCCGCTTATTGATATGC. Primers were synthesized by Integrated DNA Technology (IA). PCR amplification was performed in a 50-µl reaction mixture containing 4 µl template DNA, 3 µM of each primer, 1× PCR buffer (supplied with Taq polymerase), 25 mM MgCl 2 , 2 mM dNTPs, and 0.5 U Taq polymerase. After an initial hot start (95°C for 5 min), 35 PCR cycles were performed on a MJ Scientific PTC-100 thermocycler using the following conditions: a denaturation step of 95°C for 30 s followed by annealing at 55°C for 1 min and extension at 72°C for 1 min, followed by a final extension of 72°C for 6 min. Analysis was carried out by adding 3 µl of loading buffer to 10 µl of PCR products, which were loaded onto a 2% agarose gel (Invitrogen Co., San Diego, CA) with electrophoresis at 5 Vcm -1 and visualized under UV after staining the gel with ethidium bromide. A 1-kb ladder (Invitrogen) was used as a size marker. PCR products were cloned with the TA cloning kit (Invitrogen) according to the manufacturer's recommendations. Plasmid DNA for sequencing was prepared with the Qiagen plasmid miniprep kit according to the recommendations of the manufacturer (Qiagen, Inc., Chatsworth, CA). DNA sequencing was performed at MWG Biotech Inc. (High Point, NC). Sequence data were aligned and similarity searches of the GenBank database were determined using the National Center for Biotechnology Information Blast Network Server (1). A multiple sequence alignment was constructed using CLUSTALX (34) and BOXSHADE 3.21 (8) . Phylogenetic analysis was constructed by the Neighbor-Joining method (25) derived from the ITS1/5.8S rDNA/ITS2 sequences.
RESULTS
Field observations and symptoms. A Pestalotiopsis disease survey on guava was conducted at the Waiakea Agricultural Experiment Station where more than 50 accessions of guava are maintained. Disease symptoms were visible on leaves during nonfruiting seasons and on the exocarp of young fruits (pinhead size) which progressed as fruits got larger. Typical symptoms on fruit began with tiny, watersoaked spots (Fig. 1A) . The spots darkened in color and became necrotic as Pestalotiopsis sp. infected the damaged tissue. Over time, the tiny spots expanded to discrete, circular, dark brown to black spots (Fig. 1B) . Also commonly observed were multiple lesions that coalesced to form an overall scabbed appearance. As the fruit developed, the small, corky lesions often tore open, giving rise to raised, corky scabs (Fig. 1C) . Symptoms on leaves began as small dark brown spots that expanded to become gray/light brown circles surrounded by a dark brown border (Fig. 1D) . In severe cases, lesions developed on large portions of a single leaf. Lesions were also observed on stems of fruit (Fig. 1A) .
Isolation and identification. Twentythree isolates of Pestalotiopsis were collected from a range of known guava accessions from the Hilo field and surrounding areas (Table 1) . Isolates were obtained from immature and mature fruit, and foli- age with disease symptoms. An additional nine isolates were collected from wild guava, blueberry, waiawi, and tea ( Table  1) . The isolates were named and given a corresponding number. The fungi were maintained on PDA and stored in SDW for additional studies. All isolates were identified as Pestalotiopsis sp. on the basis of conidial morphology (Fig. 2E ). All had five-celled conidia, of which apical and basal cells were hyaline, and the three median cells ranged from light brown and dark brown to varying shades of olive green. Measurements of conidia revealed few differences in size among isolates. Eleven Pestalotiopsis strains were compared (Table 2 ). Conidia varied from 21.7 ± 0.5 (standard error) to 27.7 ± 0.4 µm mean length and 5.5 ± 0.1 to 7.5 ± 0.2 µm mean width. Basal appendages were hyaline, straight or slightly curved, and varied from 2.8 ± 0.1 to 5.3 ± 0.3 µm mean length. Numbers of apical appendages ranged from two to four, with three being the most common. The appendages showed the most size variation, with mean lengths that ranged from 11.8 ± 0.6 to 26.5 ± 1.1 µm. The isolated fungi were identified tentatively as P. microspora, P. clavispora (Atk.) Stey., and P. psidii based on morphological and cultural characteristics using Guba's monograph (7) and other descriptions previously reported (14) .
Cultural characteristics. Typical cultural and morphological characteristics are shown in Figure 2 . On PDA plates, most of the isolates first developed grayish to white zonate colonies that later developed color and small, acervular conidiomata. The colors became darker as fungal age increased. A representative subsample of the isolates of Pestalotiopsis (26 strains) could be separated into three main groups based on their color on PDA (Fig. 2A, B, and D) . However, color groups did not separate into species. The first group, buff (front) and pale luteous (reverse), contained guava isolates 1, 5, 7, 8, 9, 13, 21, 22, 24, 26, and 27, and Pestalotiopsis isolates 6, 11, and 30, which were collected from alternative hosts (Fig. 2A) . The second group, pale buff (front) and pale buff/pale saffron (reverse), contained guava isolates 4, 14, 19, 20, and 25, and blueberry isolate 31 (Fig.  2B) . While isolates 3, 17, 28, and 32 also fell into this category, these fungal isolates contained greenish, glaucous patches scattered on their surface (Fig. 2C) . The third group contained isolates 12 and 16, which were pale olivaceous buff (front) and olivaceous buff (reverse) (Fig. 2D) . Acervuli were black for all isolates examined (Table 3) (isolates 3, 4, 7, 11, 13, 17, 24, and 32) ( Table 3 ). Isolates 6, 9, 22, 26, 28, and 30 did not produce visible acervuli within 12 days of growth on PDA (Table 3) . Temperature effects. Temperature had an effect on the colony diameter of the 16 isolates of Pestalotiopsis examined (Fig.  3) . When grown on PDA in the dark, all isolates grew at a temperature range of 10 to 35°C, with optimum growth between 22°C and 28°C (Fig. 3) . Within 7 days, the diameter of the majority of the isolates measured approximately 80 mm, the diameter of the PDA plate. However, certain isolates exhibited a slower growth rate within the optimum temperature range of 22°C to 28°C compared with the majority of the isolates. Isolates 1, 20, and 28 grew more slowly at 26°C and 30°C and reached only 58 ± 4.4 to 69 ± 4.4 mm (mean diameter ± SE) after 7 days. Isolate 23 exhibited a slower growth rate, only reaching a maximum diameter of growth of 67 ± 3.9 mm at 30°C and 56 ± 4.6 mm at 26°C. In contrast, isolate 14 exhibited a wider range of growth, reaching 62 ± 2.5 mm at 15°C. When temperature experiments were repeated, colony diameters were virtually identical for all Pestalotiopsis strains tested.
Pathogenicity tests. To confirm pathogenicity and to determine if wounding was necessary for infection, mycelial plugs containing conidia were used as inoculum. Pale green to yellow guava fruit (cvs. Lucknow or Lucknow 49) were inoculated in the laboratory with four Pestalotiopsis isolates (2B Hong Kong White, Guava 4C, 4-2A Fan Retief, or Guava 1C-1) and maintained in a moist chamber for 7 to 10 days. Brown, corky lesions resembling symptoms that occurred in the field were observed surrounding the inoculation sites beginning around day 5 (Fig. 4A) . Symptoms were not observed on control fruit inoculated with agar media (data not shown). Young, fully developed leaves from P. guajava cvs. Patillo, Kona, or Lucknow 49 were also inoculated in the laboratory with the Pestalotiopsis strains and maintained in a moist chamber for up to 20 days. Light brown lesions surrounded by a dark brown border, which resembled symptoms that occurred in the field, were observed on leaves after 4 to 7 days, with symptoms continuing to develop (Fig. 4B ). Symptoms were not usually observed on nonwounded leaves (Fig.  4B, arrow) . Symptoms were not observed on control leaves inoculated with agar media (data not shown). Wounding was still necessary for symptom development when a conidial suspension was inoculated onto detached leaves or guava seedlings.
Symptoms were delayed (lesions visible after 10 days) and lesion sizes were reduced. The fungi were reisolated from the lesions of the diseased fruit and leaves and were identical to the original isolates. Although lesions were produced by the four Pestalotiopsis strains on all guava cultivars tested, varying levels of host susceptibility were observed.
Cross-inoculation studies. The development of a necrotic zone or lesion of at least 2.0 mm beyond the inoculation site was considered positive for the ginger, rambutan, lychee, and Miltonia orchid leaves. Pestalotiopsis 2B Hong Kong White produced lesions on all alternative hosts tested, and in some cases, wounding was not necessary for symptom development; however, symptoms on ginger and lychee were enhanced by wounding (data not shown). Symptoms were not observed on control leaves inoculated with agar media. Experiments were repeated twice with similar results.
Molecular characterization. DNA from 22 isolates from guava and 6 isolates from alternative hosts was amplified when the PCR reaction was performed using primers ITS1 and ITS4. The corresponding PCR region amplified was the ITS rDNA sequence of region 1 and 2, which also included the 5.8S rDNA gene. The PCR product was approximately 550 to 615 bp for all isolates (Fig. 5) . High-quality sequences of approximately 550 nucleotides of each isolate were used for analysis. The sequences were aligned and the 28 strains could be separated into two main groups. Differences in nucleotides were observed among the isolates which were concentrated in the ITS regions. The 5.8S rDNA was more highly conserved among Pestalotiopsis spp. Each PCR product sequence was compared by BLAST search (1) , and the isolates were confirmed to the species level (Table 3 ). Both DNA strands were sequenced for verification. Sequences of the ITS1/5.8S rDNA/ITS2 region from 28 isolates of Pestalotiopsis were deposited into the GenBank database with accession numbers DQ000991 through DQ001018. A phylogenetic tree was produced from the analysis of the aligned sequences of the ITS1/5.8S rDNA/ITS2 generated in this study (Fig. 6) . The tree separates the Pestalotiopsis isolates into two distinct clusters, with one clade (isolates 6, 9, 15, 16, 17, 19, 26, 28, 29, 31 , and 32) containing a level of divergence from the other strains mainly in the ITS regions.
DISCUSSION
Currently, there is very little information known about the presence, prevalence, and etiology of scabby canker of guava in Hawaii. Our disease survey revealed similar symptoms on the leaves and fruit of more than 50 guava accessions, regardless of cultivar or location. Pestalotiopsis spp. were consistently isolated and identified from diseased samples. According to studies by Patel et al. (21) , Pestalotiopsis caused symptoms on green fruit, but seldom on leaves. This was not the case in our study; Pestalotiopsis spp. were isolated from lesions on fruit at all levels of maturity and were also the causal agents of abundant lesions on leaves. Pestalotiopsis spp. were also commonly isolated from wild guava, waiawi, and tea that were in close proximity to guava fields and, thus, could serve as sources of inoculum. In a study by Pandey (20) , P. psidii was found to be present on a high proportion of flowers even though no disease symptoms were found on any of the floral parts, suggesting flowers may be a source of inoculum for the fruit (20) . Inoculum sources of P. sydowiana for container-grown ericaceous crops included diseased stock plants, crop debris, nursery soils, used growing media, pots and floor covering, and dust collected from greenhouse walkways (17) .
The ability of these fungi to affect other hosts warrants attention. In studies by McQuilken and Hopkins (16), isolates were not host-specific and affected other species of ericaceous plants, with typical symptoms including browning of foliage, stems, and roots, and the presence of black or greenish black acervuli on diseased tissue. In another study (39), a leaf spot disease which had not been seen in Tottori Prefecture was considered a serious problem for Japanese persimmon fruits (Diospyros kaki). In a study by Yasuda et al. (40) , P. longiseta (Speg.) Dai & Kobayashi was the predominant species on persimmon, but P. acaciae (Thum.) Yokoyama & Kaneko, P. crassiuscula Stey., and P. glandicola (Cast.) Stey. were also isolated. All of these species have also been reported to be pathogens of broad-leaved trees or conifers (27, 28) and are regarded as omnivorous fungi. It is thought that vegetation around the persimmon orchard may have contributed to the prevalence of Pestalotiopsis spp. occurring on persimmon trees (39). Taguchi et al. (31) provided evidence through inoculation experiments and host range studies that isolates of Pestalotiopsis spp. are generally not host-specific.
While the majority of the Pestalotiopsis isolates from guava and the alternative hosts in our study looked similar, morphological and cultural differences did exist, and species could not be grouped based solely on colony or conidia morphology. On PDA, cultures were typically various shades of luteous and buff with pink or peach hues, which became darker as the age of the fungal culture increased. The majority of the Pestalotiopsis isolates produced acervuli in culture, but the amounts tended to vary (Table 3) . However, acervuli formed under all temperature conditions tested. Conidia were five-celled with the apical and basal cells hyaline for all isolates. The three median cells were typi- cally olivaceous to dark brown or light brown. Temperature affected mycelial growth, with optimum growth occurring around 26°C (Fig. 3) . In a study by Patel et al. (21) , P. psidii grew well at 26°C, but failed to grow at temperatures above 32°C or below 5°C. While the lower limits are similar to our findings, the Pestalotiopsis guava strains we isolated were able to grow at 35°C, albeit at greatly reduced rates. Although the in vitro studies may not directly simulate the conditions of the natural environment, the results provide an insight to the likely behavior and growth of the pathogen in nature. The presence of multiple species of Pestalotiopsis that can thrive over a wide range of temperatures indicates that inoculum capable of causing scab disease on guava will remain viable through a variety of environmental conditions. Koch's postulates were confirmed, and the cross-infection potential of the Pestalotiopsis isolates was investigated. Wounding prior to inoculation was either necessary for disease development, as was the case for guava, rambutan, tea, and Miltonia orchids, or enhanced symptom development, as was seen for ginger and lychee. Hopkins and McQuilken (9) showed that with P. sydowiana, damage to the foliage of unrooted cuttings was necessary prior to inoculation with a spore suspension of the pathogen to produce symptoms. Studies with other species of Pestalotiopsis have also found that nonwounded samples remained symptomless (24) . After 6 days, only leaf-wounded Silky Hakea (Hakea sericea) shrubs infected by P. funerea exhibited lesions identical to those observed in field plants (26) . White (37) showed that infection by P. macrotricha occurred only when Rhododendron leaves were subjected to abrasions, scalding, or pinpricks. Camellia, Rhododendron, and a conifer (Thuja spp.) showed symptoms of infection by different species of Pestalotiopsis after the foliage was injured by either pesticide damage or sun scald (9) . Consequently, growers may be able to minimize infection by avoiding physical plant damage and by growing plants to avoid stress (9) . High temperatures and relative humidity also favored symptom development. Kaushik et al. (13) found that canker of ripe guava fruits required a humid atmosphere of high temperatures (25 to 35°C) and relative humidity (80 to 100%) for maximum disease development. In a study by Tuset et al. (36) , unusual climatic conditions including heavy rainfall were favorable for disease development. According to Tuset et al. (36) , the hot and dry conditions that usually occur during flowering, growing, and maturation of persimmon fruits normally prevent dissemination of inoculum and infection of leaves.
Cultural and molecular characterization techniques were used to compare the genetic relationship of our Pestalotiopsis isolates. While the isolates could be placed into groups according to color, conidial morphology, or molecular analysis of the ITS regions, it was difficult to maintain the groups when similarities were based on all of these characters simultaneously. In other words, traditional morphology-based classification schemes did not always agree with phylogenetic analysis. Even though three color combinations on PDA were identified (Fig. 2) , intensities of the colors varied, which is why it is difficult to use them as a reliable character for taxonomic classification at the species level. However, pigmented median cells of conidia seemed to form a close relationship (Fig. 2) and appear useful for taxonomic purposes. Results of studies by Jeewon et al. (11) indicated that pigmentation of median cells of conidia was a sound diagnostic character for species differentiation. A close relationship among pigmented median cells has been suggested by numerous taxonomists (7, 29) . Pigmentation in Pestalotiopsis is the result of deposition of melanin granules within the cell matrix. The mean lengths of apical and basal appendages have also been used as important taxonomic characters to delineate species; from the phylogenies generated in studies by Jeewon et al. (11) , it can be seen that species sharing similar apical appendage length are closely related to each other. Conidial length of our Pestalotiopsis isolates showed some variation, but conidial width seemed to agree with the molecular data ( Table 2 and Fig. 6 ). According to Jeewon et al. (11) , molecular data do not tend always to reveal a close relationship among species with similar conidial forms. Our results tended to support the findings of Jeewon et al. (11) when overall conidial form was analyzed. Isolates from both phylogenetic groups were pathogenic on guava fruit and leaves. This information supports the complex nature of the genus and the difficulty in classifying it at the species level.
In certain parts of the world, changes in production methods for hardy ornamentals have resulted in increasing problems with disease (9). After known major pathogens were brought under control by improved management techniques and the use of effective but highly specific fungicides, plants became more vulnerable to attack by less competitive pathogens which had previously been considered weak or secondary (9) . Pestalotiopsis spp. were formerly regarded as weak, opportunistic pathogens that caused little damage to hardy ornamentals (6, 22) ; however, in the past 10 years reports of these pathogens causing widespread damage to a number of container-grown plant species (9) are increasing. During recent seasons, increasing numbers of damaging infections of heather (Calluna vulgaris and Erica spp.), Rhododendron, and conifers by Pestalotiopsis spp. were found on plant samples submitted by growers to the SAC Crop Health Centre (9) . This phenomenon has the potential to occur in many economically important crops because of the widespread nature of Pestalotiopsis.
This study helped to identify the main species and widespread nature of Pestalotiopsis affecting guava in Hawaii (P. microspora, P. clavispora, P. sp. GJ-1, and P. disseminata (Thum.) Stey.), as well as some of the morphological and environmental characteristics of selected isolates. Difficulties did arise when comparisons were made using both physiological and molecular data for some of the Pestalotiopsis isolates. Isolates 11 and 27 were in one clade of the dendrogram, whereas all the other P. microspora isolates fell in the other clade. Using molecular data and sequence analysis for naming purposes, isolates 11 and 27 matched most closely to P. microspora. However, depending on the length of nucleotides used, it is possible to classify the isolates as strain GJ-1 or P. clavispora, which seemed more reasonable considering their location on the dendrogram. Using conidial morphology, the isolates can be classified as P. clavispora, particularly due to the length of the appendages. PCR analysis and the size of the ITSrDNA fragment amplified indicated that the isolates were placed in the proper clade. These results lend to further support of the difficulties in classification of Pestalotiopsis species. It appears obvious from our phylogenetic study that host specificity is not the best way to examine genetic relatedness.
To our knowledge, this is the first study to provide evidence that numerous species of Pestalotiopsis are capable of causing scabby fruit canker on guava in Hawaii. This is also the first time molecular methods were used to identify Pestalotiopsis spp. on guava in Hawaii. Results showed that pathogen host range and host plant resistance are particularly important issues. For example, tea gray blight caused by P. longiseta is a serious disease in the main tea-growing districts of Japan; however, there are considerable differences in the susceptibility to P. longiseta among the tea cultivars (32, 33) . Further studies are currently underway to determine if variation in resistance exists in available guava germplasm in Hawaii. In addition, screening for host resistance in a variety of tropical fruit crops grown in Hawaii is currently underway. With the knowledge gained from these and additional studies, effective and reliable control strategies can be developed. Due to its prevalence throughout the world and its broad host range, Pestalotiopsis is a potent plant pathogen that has gone largely unrecognized. Its potential to cause yield losses in economically important crops warrants further study of Pestalotiopsis spp.
